We present neutron scattering from the flux line lattice (FLL) in MgB 2 . Between 0:5 and 0:9 T the FLL undergoes a 30 reorientation, and simultaneously the scattered intensity falls sharply consistent with the weaker superconducting band being suppressed with increasing field. We speculate that the and bands favor different FLL orientations, and that the reorientation is driven by the suppression of the band. When the c axis of the crystal is rotated 45 to the applied field the penetration depth anisotropy could be measured, and rises both as a function of applied field and temperature.
What makes superconductivity in MgB 2 unusual is the now well established fact that there are two distinct energy gaps associated with different parts of the Fermi surface [1] [2] [3] [4] . The larger gap (7 meV) originates from holelike carriers residing on two cylindrical Fermi surface sheets, derived from bonding of the p xy boron orbitals ( band). The smaller gap (2 meV) originates from two 3D sheets of electron and holelike carriers, derived from bonding of the p z orbitals ( band) [1, 2, 5] . Thus there are two different sources of supercarriers, one being almost isotropic ( band) and the other highly anisotropic ( band). A central question is how superconductivity within the two bands is affected by an applied magnetic field. Recent experiments have shown that superconductivity of the band is suppressed at much lower fields than that of the band [4, 6] . Hence, at low temperature the band controls the bulk upper critical field, B c2 0 3:1 T [7] , applied parallel to the c axis. The presence of two superconducting bands also leads to interesting effects with respect to the anisotropy of MgB 2 . It is commonplace to define the anisotropy in terms of the magnetic penetration depth , with c = ab , and the upper critical field, B c2 , with H B kc c2 =B ?c c2 . Usually the two anisotropies are identical, but in a two-band/two-gap superconductor at low temperature and field this need not necessarily be the case [8] [9] [10] . In MgB 2 this is easily seen, since depends on the total supercarrier density from both the isotropic band and the highly anisotropic band, whereas it is primarily the band which is responsible for the upper critical field anisotropy. In addition, the existence of different coherence lengths for the and bands means that H cannot be directly associated with a coherence length anisotropy [11] . Calculations predict 1-1:2 and H 6 at low temperature, with the two merging at H 2:6 as the temperature approaches T c [8] [9] [10] . The coherence length anisotropy has been measured on samples from the same source as ours as a function of temperature in agreement with the prediction [7] . The penetration depth anisotropy has so far only been measured at a single field and temperature which found a value close to 1 [12] . In this Letter we report several effects of two-band superconductivity on the FLL in MgB 2 : A 30 reorientation of the FLL coinciding with a decrease in the supercarrier density as the band is suppressed. Measurements of the penetration depth anisotropy, which is close to unity at low temperatures and fields and rises as either are increased.
The FLL in a type II superconductor produces a modulating magnetic field. The neutron, with its magnetic moment, is sensitive to this modulation and can coherently scatter from planes of flux-lines leading to Bragg peaks. Small-angle neutron scattering (SANS) from the FLL has been described in detail elsewhere [13] . The experiment was performed at the D22 SANS instrument at the Institut Laue-Langevin. The sample was a 98 g single crystal platelet with a thickness of 50-100 m parallel to the c axis. The crystal was grown using isotopically enriched 11 B to reduce neutron absorption [14] . The 11 B concentration in the sample is estimated to be 95%, with 5% 10 B due to the use of a natural boron BN crucible (20% 10 B, 80% 11 B) in the crystal growth. Incident neutrons had a wavelength n 1 nm and a wavelength spread n = n 10%. For all measurements the sample was cooled in an applied field. Background scattering from other sources was measured above T c and subtracted from the low temperature data.
Diffraction patterns from the FLL measured at 2 K and a range of fields applied parallel to the c axis are shown in Figs. 1(a) -1(e) . Each image is a sum of the scattering from the FLL as the sample was rotated and tilted to make the various Bragg peaks satisfy the diffraction condition. At the lowest field of 0:5 T, Fig. 1 (a) shows a sixfold symmetric diffraction pattern with Bragg peaks oriented along the a axis of the crystal. This corresponds to a 30 rotation of the real space image, with a nearest neighbor direction perpendicular to the a axis, as shown in Fig. 2 (a). Figure 1 (b) shows that at 0:6 T each of the six peaks have symmetrically split into two. This means that the FLL has now formed domains oriented along one of Fig. 2(a) . An abrupt onset of the reorientation occurs at 0:5 T, followed by a continuous and almost linear increase of as a function of applied field up to 0:9 T where it rises steeply to 60
. The continuous change of , and the absence of scattered intensity at the positions corresponding to the initial and final orientation of the FLL during the transition, is indicative of a second-order transition.
'The integrated intensity of a Bragg peak, I, is the sum of the scattering as the sample is rotated through the diffraction condition and is proportional to the form factor squared jFj 2 [15] . The form factor F, quantifies the amplitude of the magnetic field modulation:
where B is the mean internal magnetic field and 0 is the flux quantum [16] . The first term describes the field modulation at intermediate fields due to , and the second represents the effect of the finite size of the vortex core. Thus for a conventional single band superconductor with and both independent of field, F plotted on a logarithmic scale versus B should yield a straight line. The zero-field value is determined by ÿ2 and the gradient proportional to 2 . Figure 2 (b) shows the data departs significantly from purely exponential behavior at low fields. In the London model, this is consistent with a loss of supercarrier density, n s / m = 2 , with increasing field. We associate the loss of supercarrier density with a suppression of superconductivity in the band, in agreement with results from scanning tunneling spectroscopy [6] and point contact spectroscopy [4] . The fit to the form factor plot shown in Fig. 2(b) involves a simple model for n s as a function of field:
combined with Eq.
(1) and a characteristic field B . The second term is the field dependent fraction of supercarriers originating from the band, the zero-field value being w . An exponential suppression of the band contribution was also found by scanning tunneling spectroscopy [6] . The fit yields B 0:31 T, ab 81 nm, w 0:3814, and n 0 2:118 10 21 cm ÿ3 . The value of w is in reasonable agreement with band structure calculations, which found that the band contributes approximately 55% of the total supercarrier density [1, 2, [17] [18] [19] field for the isolated band, deduced from specific heat measurements [19] . The value for n 0 is equivalent to having 0:03 supercarriers per boron atom using an estimated mean carrier mass enhancement from both bands, m 0:5 [20] . Extrapolating the fit to zero field allows a determination of the penetration depth, ab 822 nm, irrespective of the values of ab and m corresponding to the and bands fully contributing to n s at zero field. At the same time, extrapolating the linear part of Eq. (1) [dashed line in Fig. 2(b) ] to zero yields a second value of ab 10410 nm corresponding to the high field limit where only the band contributes to the superconductivity. It is interesting to compare these values to other bulk measurements of ab obtained by muon spin rotation. Panagopoulos et al. reported ab 85 nm at 0:45 T [21] , whereas a higher value of ab 95-100 nm measured at 0:7 T was found by Niedermayer et al. [22] . Both these values are consistent with our results. It is important to keep in mind that our analysis ignores a possible field dependence of the coherence length. Eskildsen et al. [6] have proposed the existence of different coherence lengths for the and bands, which would lead to an effective which changes as the band is suppressed by the applied field. However, from Eq. (1) it is evident that the zero-field extrapolations used to determine the high and low field values of are not affected by this.
Furthermore, the high field gradient of the form factor corresponds to the band being fully suppressed, and the estimate of should therefore be taken as the coherence length for the band.
It is now appropriate to revisit the FLL reorientation. It is well known that the shape of the Fermi surface is imprinted on the superconducting screening currents circulating around the vortices, and can affect the FLL symmetry and orientation with respect to the underlying crystal lattice [23, 24] . In the case of MgB 2 we speculate that the anisotropy of the and bands favor different FLL orientations. At low fields we expect the vortexvortex interaction to be dominated by the screening currents in the band. Then, as the field is increased and superconductivity in the band is suppressed, the FLL gradually rotates to the orientation favored by the band. A confirmation of this proposition requires a careful evaluation of the free energy for the different FLL configurations based on the appropriate Fermi velocity averages, and have so far not been carried out.
Since MgB 2 is a uniaxial superconductor, rotating the applied field away from the c axis results in a distortion of the FLL principally due to the penetration depth anisotropy, . Figure 1(f) shows the diffraction pattern with a field of 0:5 T applied at 45 to the c axis. In this case the Bragg peaks lie on an ellipse rather than a circle as is the case for H k c [ Figs. 1(a) -1(e) ], since the screening currents circulating around a vortex must cross the basal plane. If c is larger than ab ( > 1), this leads to a stretching of the current loop in the direction of the sample rotation. For a single band superconductor the ratio of the major to minor axes of the ellipse connecting the Bragg peaks, ", is directly related to the penetration depth anisotropy by the relation [25] 
where is the angle between the applied field and the c axis (45 ). With the isotropic band suppressed as shown in Fig. 2(b) , the anisotropy of the band is expected to become increasingly important as the field is raised. The extent of the validity of Eq. (3) for a two-band superconductor such as MgB 2 is therefore not established. Nevertheless, we use Eq. (3) and the measured values of " to calculate the corresponding FLL anisotropy, , in order to allow a direct comparison to the theoretical predictions for and H . The FLL anisotropy, , is plotted in Fig. 3 as a function of both field and temperature. As expected we find a strong field dependence of as shown in Fig. 3(a) . At low fields this tends towards the calculated low temperature value of 1:1 [8, 10] . Since the calculations do not take the field induced suppression of the band into account, this value should be taken at the zero-field limit of the anisotropy. As the applied field is raised increases rapidly, and we expect that it will saturate at H 6 [10] as the band is fully suppressed. This is in qualitative agreement with the field dependence of the effective anisotropy of the specific heat [19] . Figure 3(b) shows the variation of with temperature at 0:3 T compared with the theoretical prediction for [8] . The low temperature value does not depend on the energy gaps but solely on the anisotropy of the average Fermi surface, which is almost isotropic. Increasing temperature thermally mixes the two bands and increases to 2:6 at T c [8, 10] . Conversely H falls with temperature [7, 26] from a low temperature value of 6 until it satisfies the usual relation H at T c . Figure 3 (b) confirms the general trend but with a low temperature value which is somewhat higher than predicted. However, it is clear from the field dependence that is changing significantly with field at 0:3 T with the zero-field extrapolation approaching the theoretical prediction [8, 9] . It should be pointed out that recent SANS measurements on MgB 2 powder found an upper limit for the anisotropy 1:4 at 2 K and 0:5 T, which is much smaller than what we obtained for a single crystal [12] .
In summary, we have reported a 30 FLL reorientation between 0:5 and 0:9 T in MgB 2 . This is coincident with a loss of scattered intensity attributed to a change in supercarrier density as superconductivity in the band is suppressed by the applied field. We associate the reorientation of the FLL with the suppression of the band as the field is increased. This implies that the and bands favor different FLL orientations, with the vortex-vortex interactions at low fields dominated by the band. In addition we have measured the field and temperature dependence of the penetration depth anisotropy, which is found to increase as a function of both. The reorientation and the field and temperature dependence of the anisotropy are clear effects of two-band superconductivity in MgB 2 .
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